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parameters at birth and g water disifn w orie dioide aor soum er2y (1989) The presence of by-products following chlorination in drinking water (1) (2) (3) (4) (5) (6) (7) (8) has in many cases encouraged the usage of chlorine dioxide. This disinfectant leads to the presence of chlorites and chlorates in the treated water, and their effects at the levels usually found in drinking water are still being investigated. In 1982, Tuthill et al. (9) reported a higher rate of preterm deliveries and more weight loss at birth in Chicopee, Massachusetts, where drinking water was treated with chlorine dioxide, when compared to Holyoke, Massachusetts (not far from Chicopee), where drinking water was treated with sodium hypochlorite. Recently, Savitz et al. (10) Starting with the Tuthill study (9) and laboratory research into the effects of chlorination on reproduction (11-16), we thought it would be useful to collect and analyze data to study somatic parameters of infants born to women living in areas of Genoa where municipal water is treated with sodium hypochlorite, chlorine dioxide, or both. In Genoa, the same company treats surficial and well water, using different filtration and disinfection methods.
Methods
We conducted a cross-sectional study in Genoa, Italy, on somatic parameters at birth by collecting data from hospital records at the Galliera Hospital (one ofthe most important in this community, located in the center of the town) covering 2 years (1988-1989 The 548 women studied in Genoa were divided into three subgroups based on the women's address and therefore on which type of disinfection was used by the municipal water plant: only chlorine dioxide, only sodium hypochlorite, or both (used alter-Articles * Water disinfection and somatic parameters nately). This information is made available for each dwelling by the AMGA. For each birth, the following data were collected from hospital records: age of the mother, smoking, alcohol consumption, education level, preterm delivery (<37 weeks completed gestation), cesarean section, low birth weight (<2500 g), small body length (<49.5 cm), a small cranial circumference (<35 cm), and neonatal jaundice.
For each of the four subgroups of the sample under observation, statistical parameters (average values, absolute frequency, percentage of events, etc.) were calculated ( Table 1-3) . We used the analysis of simultaneous variance to evaluate and interpret differences in the mean values of the considered variables. When statistically significant differences were observed, more information was obtained using the multiple comparison model (Scheffe test). Figures  1-3 show averages and standard errors of variables according to mothers' age and type of drinking water disinfection.
The sample of women was divided into two groups according to level of education: those who left school upon reaching the required minimum age and those going on to higher levels. The family income level was obtained from municipal records; when this was not available, an estimate was made by comparison with subjects with the same education level.
We calculated odd ratios (ORs) by comparing exposures to the three different disinfection treatments with controls (no exposure). The ORs provide an estimate of the increased risk associated with exposure. The confidence interval indicates the statistical precision of these estimates.
On the basis of a preliminary analysis, some potential confounders were included (maternal age, education level, smoking, alcohol consumption, and sex of the child). These parameters were used to perform a logistic regression analysis (17) to adjust the ORs simultaneously for these confounders. Therefore, the adjusted ORs presented in Tables 4 and 5 can be interpreted as free from confounding by all the above-mentioned variables.
Results
Our results showed that the average birthweight of children was higher (p<0.000 1) when mothers were older than 30 years of age and did not consume water disinfected with chlorine; the same was not true for younger mothers (Fig. 1) . Similar observations (Figs. 2 and 3 ) can be drawn from data about the body length and cranial circumference, which was significandy smaller only for the children of mothers older than 30 who consumed water disinfected either with chlo- Articles -Water disinfection and somatic parameters C102-and extended the observation to C102 and ClO - (24) . A thyroid-inhibiting effect of chiorine dioxide in monkeys has also been described (25) . Taylor and Pfohl (26) attributed this effect to the reduction in brain growth they observed in neonatal rats.
The results of the above-mentioned studies, carried out at high exposure levels in animals, indicate that consumption of drinking water treated with chlorine dioxide may be associated with adverse effects on the hemopoietic system and also with embryotoxicity (alterations of fetal development and neonatal growth).
Only limited research results are available on the outcomes we studied (12) . Kramer et al. (27) 1.1-1.4) . Savitz et al. (10) evaluated the risk associated with water sources, water consumption, and trihalomethane concentrations in a case-control study of miscarriage, preterm delivery, and low birthweight in central North Carolina. Water source and tri- halomethane concentrations were not related to any of these pregnancy outcomes but an increase in the amount of water ingested was associated with decreased risks of all three outcomes. In our study we observed a significant difference in some somatic parameters of newborn infants. Although this effect can be explained in light of the results of animal studies (23) (24) (25) (26) , it is more difficult to understand why the differences were significant only in infants born to mothers of more than 30 years old. It is noteworthy that another study in Liguria (29) showed that somatic parameters of the newborn child are not affected by several factors, including birthplace, socioeconomic and cultural background, and number of pregnancies. A plausible hypothesis may be that the defense and/or adaptative processes against oxidant stress are deteriorated in women who have been drinking water treated with chlorine dioxide over a longer period of time and therefore the effects on the fetus during pregnancy are more relevant.
We also observed that infants ofwomen who consumed drinking water treated with chlorine compounds during pregnancy were at higher risk (adjusted) for some outcomes, such as body length <49.5 cm, cranial circumference <35 cm, and neonatal jaundice. It is necessary to emphasize that associations resulting from our data must be considered carefilly because the quantity of water consumed during pregnancy was not considered and we ignored nutritional habits, amount of smoking, and age distribution of the women.
In conclusion, our study provides some new information on the possible association between some drinking water disinfection treatments and somatic parameters of infants at birth. Further investigations will be needed to verify the results of the present study by rigorous exposure assessment.
